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Abstract
A new mechanism for the radius stabilization is proposed in a 5D super-Yang-
Mills model in the warped background of AdS5. Dominant 1-loop contribution to
the supersymmetric 4D effective potential is estimated to depend on the radion. The
minimization of the effective potential incorporating the tree potential and a Fayet-
Iliopoulos D-term for the gauge group U(1) reveals an interesting case that the radius
is stabilized at a length corresponding to an intermediate mass scale 1011−13 GeV.
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1 Introduction
Supersymmetry (SUSY) and extra dimensions are attractive extensions of par-
ticle theories beyond the Standard Model (SM). They are expected to solve the gauge
hierarchy problem and pave the way to the unified theory involving gravity. A bulk-
boundary system has been extensively studied in this context. Many attempts in this
direction involve the compactification radius and it is necessary to find the mechanism
for the radius to be stabilized. One of interesting possibilities is to introduce scalar
fields (or hypermultiplets for the case of SUSY) in the bulk and minimize an induced
radion potential [1, 2, 3, 4, 5, 6, 7]. Another important issue of the extra dimension
is the problem of power law (linear) running of gauge couplings. It is well-known
that in 5-dimensional (5D) Yang-Mills (YM) theories with mirror-plane boundaries
the linear running of gauge coupling constants takes place when the compact extra
dimension is flat [8, 9], while the running remains logarithmic [10, 11] in a model of
AdS5 with the warped extra dimension of Randall-Sundrum (RS) [12]. The origin of
the power law is a ”democratic” summation of Kaluza-Klein (KK) excitation modes
of bulk propagators in loop diagrams. In AdS5, on the contrary, the ultraviolet (UV)
cutoff for the 4D momentum integral depends on a position in the fifth dimension,
which restricts the effective range of KK modes and suppresses the growth of gauge
couplings.
Recently, we have made some investigations into the bulk-boundary system
[13, 14, 15, 16, 17, 18]. Among them, in [16] a 1-loop 4D effective potential has
been estimated in the framework of 5D super-YM model compactified on an orbifold
S1/Z2 of size l by Mirabelli-Peskin [19] and Hebecker [20] using auxiliary field tadpole
method (AFTM) [21]. The resultant effective potential has the following characteristic
features: i) Its dominant part diverges not logarithmically but linearly, that is, it is
proportional to an UV cutoff scale Λ. ii) It satisfies a SUSY boundary condition
which means that it vanishes when the auxiliary fields have zero vacuum expectation
values (VEVs) making SUSY restored. iii) It is also proportional to l and goes to zero
as l → 0 for it is obtained in AFTM by reducing the 5D tadpole amplitudes to 4D.
The linear divergence of i) is considered to have the same origin with the linearity of
running of gauge couplings in the flat extra dimension.
The appearance of linear divergence requires a careful treatment. Its field
theoretical interpretations have been given in [18]. Namely, although the 5D Mirabelli-
Peskin model [19] is perturbatively unrenormalizable, the renormalization works well
in the limit l → 0 as far as the 4D world is concerned. For nonzero l, the UV cutoff
of the 4D momentum can essentially be given by the inverse of l provided lΛ . 1. As
we have lΛ≫ 1 in [16], we should claim the model to be an effective theory valid up
to the scale Λ such that an ordinary 4D super-YM model is restored for l → 0. For
MW ≪ l−1 ≪ Λ, the linear divergence is greatly suppressed to generate a finite 1-loop
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contribution which is nothing but a quantum effect of the bulk to the boundary.
Another interesting observation in [16] is that if a Fayet-Iliopoulos (FI) D-term
is introduced as a probe for examining the physical property of the effective potential
for the gauge group U(1), there is a case such that the potential is minimized at
a specific value of l where the potential vanishes. Thus, we have a true vacuum
where SUSY is restored for a nonzero value of l. In fact, this l corresponds to an
intermediate mass scale ≈ 1011 or 1014 GeV for the cutoff mass scale Λ = MGUT or
MP l, respectively. It should be noteworthy that whether the FI-term violates SUSY
or not is controlled by a sign of the D-term multiplied by the gauge coupling.
Therefore, it is worthwhile to investigate whether the effective potential grows
linearly, as increasing Λ in AdS5, or not. It is also interesting to know how the
phenomenon of SUSY restoration at the specific l is connected with the radius stabi-
lization.
In this paper, we propose a simple model which implements a new mechanism
for the radius stabilization by making use of the linear growth of 1-loop effective
potential V1−loop. We will be based on the 5D super-YM model with the warped extra
dimension [12]. The field content is the same as that of [19], i.e., we have 4D chiral
matter multiplets on one brane in addition to the 5D gauge multiplet in the bulk. It
should be stressed that we do not have any hypermultiplet in the bulk. The result
will show a possibility to give a linear cutoff dependence as in the flat extra dimension
and to realize the radius stabilization for the gauge group U(1). This is explained as
follows: The main contribution to our effective potential is from the bulk propagator of
the scalar component Φ of 5D gauge supermultiplet and the interaction of Φ with the
boundary matter field φ’s takes place only in the 4D boundary. Therefore, the relevant
loop amplitude including the Φ-propagator can incorporate the whole KK modes up
to the UV cutoff Λ without being restricted by the extra dimension-dependent cutoff
[11] in the RS [12] background when the matter superfield is placed on the so-called
”Planck brane”. The fields on the Planck brane do not directly couple with the radion
[4]. However, as the 4D potential V1−loop is derived from 5D and subject to the bulk
quantum effects, it does depend on l;V1−loop ∝ lΛ, where l is related with the VEV of
the radion.
In our model, we will not consider the full 5D supergravity (SUGRA) but only a
part of it, i.e., the radion superfield T . Therefore, our formulation should be regarded
as that of rigid SUSY on nontrivial gravitational backgrounds. In particular, we as-
sume that the backreaction of fields in the bulk-boundary system to the background
metric can be neglected.
2 5D super-Yang-Mills model in AdS5
We will consider the 5D space-time with the signature (+−−−−). The extra
3
dimension x5 is compactified on an orbifold S1/Z2 of size l. We take an anti-deSitter
space metric as in [11]:
ds2 =
1
k2z2
(ηµνdx
µdxν − dz2), (1)
where z ≡ exp(k|x5|)/k = exp(kr|y|)/k (y ≡ (π/l)x5,−π ≤ y ≤ π) with r being the
radius of S1 which we identify with a real part of scalar component of radion chiral
multiplet T [3, 4, 22]:
T = r + ib+ θψR + θ
2FT , (2)
where b, ψR and FT denote the fifth component of graviphoton, the fifth component of
right-handed gravitino and a complex auxiliary field, respectively. We regard l/π as
the VEV of r, i.e., l ≡ π〈r〉. We have two branes: a ”Planck brane” at z = 1/k (y = 0)
and a ”TeV brane” at z = 1/q (y = π). q is related to l by
q = k exp(−kl), (3)
and 1/k is the AdS curvature radius.
Using the superconformal method of SUGRA [23, 24, 25, 26, 27], the most
general lagrangian describing 4D SUGRA coupled to T can be written as
L4DSUGRA =
∫
d4θϕ†ϕf(T †, T ), (4)
where
ϕ = 1 + θ2Fϕ, (5)
is the conformal compensator. Expanding L4DSUGRA in component fields as
L4DSUGRA =
√−g
[
−1
6
fR(g) + · · ·
]
, (6)
where g = det(gµν) is the determinant of 4D metric
1 and R(g) is the 4D Ricci scalar,
and matching it to the 4D effective lagrangian reduced from 5D SUGRA lagrangian
L5DSUGRA = −M35
√
G[
1
2
R(G) + · · ·], (7)
1Here we have the freedom to make a Weyl rescaling of the metric but it has been shown in [4]to
be identified with the 4D metric corresponding to (1).
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by integrating over y, we obtain
f =
3M35
k
(
1− e−pik(T+T †)
)
=
3M35
k
(
1− e−2pikr) , (8)
where M5, G = det(GMN) and R(G) denote the 5D Planck scale, the determinant
of 5D metric and the 5D Ricci scalar, respectively. The VEV of f is related to the
effective 4D Planck scale:
M2P l = 〈f(r)〉 =
3M35
k
(
1− e−2pik〈r〉) = 3M35
k
(
1− q
2
k2
)
. (9)
The T and T †-derivative of f(r), ∂2f/∂T †∂T , serves a coefficient of the radion kinetic
term in the 4D SUGRA.
It is assumed that q ≪ k . M5 . MP l and kl ≈ 35 in order for q ≤O(TeV) to
be realized.
We put a 5D gauge supermultiplet in the bulk which is made of a vector field
AM (M = 0, 1, 2, 3, 5), a scalar field Φ, a doublet of symplectic Majorana fields λi (i =
1, 2), and a triplet of auxiliary scalar fields Xa (a = 1, 2, 3). All bulk fields are of
the adjoint representation of the gauge group: AM = AMαT α, etc., tr [T αT β] = δαβ/2
and DMΦ = ∂MΦ − ig[AM , Φ]. We project out N = 1 SUSY multiplets by assigning
Z2-parity to all fields in accordance with the 5D SUSY. A consistent choice is given
as: P = +1 for Aµ(µ = 0, 1, 2, 3), λ
1
L, X
3; P = −1 for A5, Φ, λ2L, X1, X2. (The fields
of P = −1 vanish on the branes x5 = 0, l.) Then, V ≡ (Aµ, λ1L, (2l)−
1
2D) (D ≡
(2l)
1
2 (X3−D5Φ)) and Σ ≡ (Φ+ iA5,−i
√
2λ2R, X
1 + iX2) constitute an N = 1 vector
supermultiplet in Wess-Zumino gauge and a chiral scalar supermultiplet, respectively.
We do not have any hypermultiplet in the bulk which is usually used in order for the
radius stabilization to be realized. Our model is simpler in this respect and the radius
stability will be discussed without hypermultiplets.
We introduce on one of two branes a 4D massless chiral supermultiplet S ≡
(φ, ψ, F ) of the fundamental representation where φ, ψ and F stand for a complex
scalar field, a Weyl spinor and an auxiliary field of complex scalar, respectively.
The 5D SUSY action which describes the couplings of the radion with the bulk
and brane fields can be derived by using the superconformal approach [3, 4, 22, 28, 29].
We follow the actions given by Marti-Pomarol [22]. The gauge invariant actions for
5D gauge supermultiplet and 4D chiral matter supermultiplet are then given by
Sgauge =
∫
d4xdz tr
[{∫
d2θ
1
2
TW αWα + h.c.
}
+
∫
d4θ
(kz)−2
T + T †
(
∂yV +
1√
2
(Σ +Σ†)
)2]
, (10)
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and
Smatter = S
(1/k)
matter or S
(1/q)
matter, (11)
S
(1/k)
matter =
∫
d4xdz
[∫
d4θ(S†egV S + 2ξV )
+
{∫
d2θW (S) + h.c.
}]
δ(z − 1
k
), (12)
S
(1/q)
matter =
∫
d4xdz
[∫
d4θe−pik(T+T
†)(S†egV S + 2ξV )
+
{∫
d2θe−3pikTW (S) + h.c.
}]
δ(z − 1
q
), (13)
respectively, where Wα = (−1/4)D¯2DαV, W (S) is a superpotential and ξ 6= 0 only in
case of the gauge group containing U(1) giving rise the FI D-term.
After the relevant rescaling of the fields in (10), we obtain
Sgauge =
∫
d4xdz
√
G tr
[−1
2
(FMN)
2 + (DMΦ)2 + (iλ¯iγM∇Mλi) + (Xa)2
+(gλ¯i[Φ, λi])− 2m2ΦΦ2 − 2imλλ¯i(σ3)ijλj
]
, (14)
where DM ≡ ∂M − igAM (with appropriate adjoint action of AM being implied),
∇M ≡ DM + ΓM with ΓM being the spin connection [30, 31], m2Φ = −4k2 + 4k{δ(z −
1/k)−δ(z−1/q)} and mλ = (1/2)kǫ(z−1/k). The action (14) has no direct coupling
of radion to the gauge supermultiplet for the sake of the rescaling.
The radion does not directly couple to the matter fields in S
(1/k)
matter, too, since
the warp factor is unity at z = 1/k. Expanding S
(1/k)
matter into component fields, we
obtain
S
(1/k)
matter =
∫
d4xdz
√
G[Dµφ†Dµφ+ ψ†iσ¯µDµψ + F †F−
√
2g(φ†λTLσ
2ψ + ψ†σ2λ∗Lφ)
+gφ†Dφ+ ξD + {1
2
λα′β′γ′(φα′φβ′Fγ′ − ψα′ψβ′φγ′) + h.c.}]δ(z − 1/k), (15)
where we have taken the following superpotential:
W (S) =
λα′β′γ′
3!
Sα′Sβ′Sγ′ , (16)
with the coefficient λα′β′γ′ being such that the gauge symmetry is respected.
2 The
expansion of S
(1/q)
matter is the same as (15) except the effect of warp factors.
2The sign of λ here is taken to be opposite to that in [16].
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Figure 1: 1-loop diagrams dominantly contributing to Veff , (a) F - and F
†-tadpoles
and (b) D-tadpole. The mark x indicates VEVs η or η†.
Sgauge is invariant under the 5D SUSY transformations [19, 20, 30]
δAM = iξ¯iγMλi,
δΦ = iξ¯iλi,
δλi = (σMNFMN − γMDMΦ)ξi − i(Xaσa)ijξj + 4imλΦ(σ3)ijξj,
δXa = ξ¯i(σa)ijγMDMλj − i[Φ, ξ¯i(σa)ijλj], (17)
where σMN ≡ 1
4
[γM , γN ]. On the other hand, Smatter is invariant under the standard
4D SUSY transformations [19, 20] and the SUSY transformations of bulk fields (17)
reduced to 4D.
In subsequent sections, we will develop an effective theory in a sense mentioned
in Section 1 on the basis of the above actions.
3 Estimation of 1-loop diagrams
In computing the 1-loop effective potential V1−loop in [16], the method AFTM
[21] has been used. When there arises no quadratic divergence, the main contribution
to V1−loop has proved to come from the diagrams in Fig.1. There the bulk propagator of
Φ contains the KK modes and gives rise to the linear divergence in the flat background
of the extra dimension. Since it would be allowed to use AFTM [21] in the warped
background, too, we will estimate here the diagrams in Fig.1 which are thought to
contribute dominantly to V1−loop.
Following [11], we represent the propagator in the momentum space for 4D
part, but in the position space for the part of the fifth dimension. The Φ-propagator
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is then expressed by the Green’s function Gp(z, z
′) which satisfies
[
∂2z −
3
z
∂z + p
2 − m
2
Φ
(kz)2
]
Gp(z, z
′) = (kz)3δ(z − z′), (18)
where pµ = i∂µ is the four-momentum. As m
2
Φ = −4k2 for Lblk (14) to be SUSY, the
homogeneous solutions are
Gp(u, v) = u(AK0(pu) +BI0(pu)) = v(CK0(pv) +DI0(pv)), (19)
where u ≡ min(z, z′), v ≡ max(z, z′) and a Wick rotation has been performed. With
the Z2-parity of Φ being odd, the solutions must obey Dirichlet boundary conditions:
Gp(
1
k
, v) = Gp(u,
1
q
) = 0. (20)
Then, by matching the two solutions over the delta function, we obtain
Gp(u, v) = k
3u2v2
{AK0(pu) + BI0(pu)}{CK0(pv) +DI0(pv)}
AD +BC
, (21)
where
A = I0
(p
k
)
, B = −K0
(p
k
)
, C = I0
(
p
q
)
, D = −K0
(
p
q
)
. (22)
Making use of the Feynmann rules and regulating the loop integrals following
[11], the contribution of Fig.1 to the 4D effective potential is written as
Veff(Fig.1) = A(w) l
2
∫ Λ
µ
d4p
(2π)4
1
p4
I(p, 1/k, Λ/(kp), w), (23)
I(p, a, b, w) ≡
∫ b
a
du
(ku)6
∫ b
u
dv
(kv)6
δ(u− w)δ(v − w)k2uv∂
2Gp(u, v)
∂u∂v
, (24)
where Λ denotes the UV cutoff. We have assumed µ(infrared cutoff) = Λq/k and
Λ & k. The factor l in (23) is to reduce the effective potential from 5D to 4D. The
factor A(w) is defined for w = 1/k, i.e., for the matter fields placed on the ”Planck
brane”, as
A(1/k) ≡ 1
2
g2{(T αη)tλfT αη + η†T αλ†f †(η†T α)t} − g3(η†T αT βT αη)dβ, (25)
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where η ≡ 〈φ〉, f ≡ 〈F 〉 and d ≡ 〈D〉 are VEVs, g/√2l has been rewritten as
dimensionless g, (λf)α′β′ ≡ λα′β′γ′fγ′ and (λ†f †)α′β′ ≡ λ†α′β′γ′f †γ′ . For 1/q, i.e., for the
matter fields placed on the ”TeV brane”, A(1/q) is defined similarly as A(1/k) except
the effect of the warp factors, which need not be specified here since the matter fields
on the ”TeV brane” do not contribute to the 1-loop effective potential. Namely, (24)
can remain nonzero only when p = µ which is nothing but the lower bound of the
integral.
If the matter fields are placed on the ”Planck brane”, i.e., w = 1/k, we split
the integral into three regions; p . ck, ck . p . c′k and c′k . p with 0 < c≪ 1≪ c′.
Then, for the region p . ck,
∫ ck
µ
d4p
(2π)4
1
p4
I(p, 1/k, c/p, 1/k) ≈
∫ ck
µ
d4p
(2π)4
1
p4
{
2p+
k
log(2k/p)− γ
}
≈ k
4π2
log
{
log
( µ
2k
)
/ log
( c
2
)}
, (26)
while for c′k . p,
∫ Λ
c′k
d4p
(2π)4
1
p4
I(q, 1/k, Λ/(kp), 1/k)
≈
∫ Λ
c′k
d4p
(2π)4
1
p4
{
2k + p coth
(
p
q
)}
=
1
16π2
{
2k log
(
Λ
c′k
)
+ Λ− q log
(
2 sinh
(
c′k
q
))}
, (27)
where we have used the following limits of the modified Bessel functions: In(z) →
(z/2)n, Kn 6=0(z) → (z/2)−n/2, K0(z) → −(γ + log(z/2)) for z → 0 and In(z) →
exp(z)/
√
2πz, Kn(z)→
√
π/2z exp(−z) for z →∞.
Thus, we obtain for w = 1/k
Veff(Fig.1) =
A
32π2
{
2lk log
(
Λ
c′k
)
+ lΛ
}
+ finite terms. (28)
It is remarkable that a term proportional to lΛ in the effective potential does appear
when the matter supermultiplet lives on the ”Planck brane”. This is because the whole
KK modes up to Λ has been democratically summed in the loop amplitude without
being restricted by the extra dimension-dependent cutoff [11]. It should be stressed
that this is due to quantum effects of the bulk. For l → 0, we have Veff(Fig.1)→ 0 so
that an ordinary 4D super-YM model is restored leaving only the contribution from
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tadpoles confined on the brane behind. Such 4D tadpoles present the usual logarith-
mic divergence3 in addition to the quadratic divergence which arises for the gauge
group with U(1) factor and will spoil the nonrenormalization theorem.
4 Minimization of the effective potential
Hereafter, we choose the gauge group to be U(1). We include additional chiral
supermultiplets with similar actions as (15), arrange their U(1)-charges and VEVs
such that the quadratic divergence does not arise. This is easily embodied by a toy
model in which three chiral superfields S1, S2, S3 on the ”Planck brane” with U(1)-
charges g/2, g/2,−g and with the superpotential
W =
1
3
(
λ
3!
S1S2S3 +
λ′
3
S21S3 +
λ′′
3
S22S3
)
, (29)
have VEVs 〈φ1〉 = 〈φ2〉 = η, 〈φ3〉 = 0, 〈F1〉 = 〈F2〉 = 0 and 〈F3〉 = f . In the following,
we take this toy model assuming λ = λ′ = λ′′ for simplicity. Then, the effective
potential to be minimized reads [16]
Veff = Vtree + V1−loop + VFI , (30)
Vtree = −f †f − 1
2
λfη2 − 1
2
λ†f †η†2 − 1
2
d2 − gη†dη, (31)
V1−loop = α{(λ†f †η†2 + λfη2)/2− gη†dη}, (32)
VFI = −ξd, (33)
where Vtree is a tree level potential which is directly read from (14) and (15), V1−loop
is the dominant part of (28) with4
α ≡ lΛg
2
128π2
, (34)
and VFI comes from the FI-term which has been activated in (15) owing to the choice of
U(1) gauge group. The tree potential (31) has a vanishing minimum at f = d = η = 0
which is a necessary consequence of SUSY model (14,15). The FI-term (33) can
spontaneously break SUSY when d 6= 0. As is well-known, however, in case of λ = 0,
i.e., no superpotential, Vtree + VFI has vanishing minima at |η| =
√−ξ/g if gξ < 0
so that SUSY is not broken while the U(1) gauge symmetry is violated. In case of
λ 6= 0, these minima are raised to positive values so that SUSY is broken. In the
3It is the term proportional to trG+ in [16].
4The discrepancy between the definition of α here and that in [16] is due to the assignment of
the U(1) charge g/2 toS1 and S2 in the present toy model.
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following, we extend this fact to the more general case of including V1−loop and show
that it brings the minima back to zero making SUSY restored for a specific value of
α = 1.
Veff is a function of f, d, η and α for given λ, g and ξ. We regard it an effective
radion potential. As α ∝ l = π〈r〉, it does depend on the radion in spite that the
radion does not directly couple with the fields on the ”Planck brane”.
Hereafter we assume that VEVs are real for simplicity. The potential is mini-
mized along the direction ∂Veff/∂f = ∂Veff/∂d = 0, i.e., for f = λ(1 − α)η2/2 and
d = −ξ − (1 + α)gη2, which reduce the potential to the function of two variables η
and α : Veff (η, α).
If gξ > 0, Veff(η, α) has a minimum at η = 0 (f = 0, d = −ξ) for any α with a
minimum value ξ2/2 which measures the SUSY breaking scale MSUSY . α represents
a flat direction and the radius of the extra dimension is not stabilized.
If gξ < 0, on the other hand, Veff(η, α) is shown in Fig.2 for tentative values
|λ| = |g| = 0.1 and |ξ| = 100 TeV2 and minimized for η = ±√|ξ/2g| and α = 1 (f =
d = 0) with a vanishing minimum value. Fig.3 shows the profile of Veff (η, α) along
∂Veff/∂η = 0 i.e., for η
2 = −2(1 + α)gξ/{λ2(1− α)2 + 2(1 + α)2g2} ≡ η˜2;
Veff(η = ±η˜, α) = (1− α)
2λ2
(1− α)2λ2 + 2(1 + α)2g2
ξ2
2
, (35)
while Fig.4 shows the profile for α = 1;
Veff(η, α = 1) = 2
(
gη2 +
ξ
2
)2
. (36)
Therefore, the radius of the extra dimension is stabilized at 〈r〉 = l/π = 32π/Λg2
making SUSY restored in the true vacuum in spite of, or owing to, the presence of
FI-term. The SUSY restoration is realized for any ξ that satisfies gξ < 0. This result
is extremely robust since taking the term ∝ log(Λ/ck) and the finite terms in (28)
into account amounts only to shifting α, hence l, slightly.
It is easily confirmed that, in our mechanism of radius stabilization, the su-
perpotential (29) plays an essential role. If we turn off the superpotential by making
λ = 0, Veff(η, α) has a minimum at η = ±
√|ξ/(1 + α)g| for any α with a vanishing
minimum value, so that α represents a flat direction and the radius of the extra di-
mension is not stabilized as in case of gξ > 0. It is the contributions of the auxiliary
fields F and F † that remove the flatness of α direction. Indeed, if λ 6= 0, we have con-
tributions of F and F †-tadpoles (Fig.1(a)) with the opposite sign to the contribution
of D-tadpole (Fig.1(b)) up to the couplings λ and g so that they radiatively generate
11
αη(TeV)
Veff (TeV4)
Figure 2: Veff(η, α) for |λ| = |g| = 0.1 and |ξ| = 100 TeV2.
Table 1: The size of the extra dimension, 5D Planck mass and the radion mass
estimated for |λ| = |g| = 0.1, α = 1 and two different cutoffs.
Λ MGUT ≈ 1016 GeV MP l ≈ 2× 1018 GeV
l−1 ≈ 1011 GeV ≈ 2× 1013 GeV
M5 ≈ 2× 1016 GeV ≈ 2× 1017 GeV
〈r〉 ≈ 8× 10−13 fm ≈ 3× 10−15 fm
mradion ≈ 0.03(|ξ|/(100TeV)2)GeV ≈ 10(|ξ|/(100TeV)2)GeV
the nontrivial α-dependence of Veff(η = ±η˜, α) due to the bulk quantum effects.5
The restoration of SUSY with the vacuum energy being zero at the potential
minima justifies our assumption that there is no backreaction of fields in the bulk-
boundary system to the background metric.
One of interesting features of the result is the fact that this size of extra di-
mension corresponds to an intermediate mass scale. For example, l−1 ≈ 1011 GeV
(≈ 2 × 1013 GeV) for Λ = MGUT ≈ 1016 GeV (= MP l ≈ 2 × 1018 GeV) and g ≈ 0.1
as shown in Table 1. Thus, our l is apparently incompatible with the assumption
kl ≈ 35 with k ≈ MP l. The value of M5 is also shown in Table 1 for two different
cutoffs.
5The radius stabilization due to quantum effects has been discussed in [32] in a different context
from us.
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Figure 3: Profile of Veff(η, α)/ξ
2 for ∂Veff/∂η = 0 and |λ| = |g| = 0.1.
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Figure 4: Profile of Veff(η, α) for α = 1, |g| = 0.1 and |ξ| = 100 TeV2.
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The radion mass is estimated for gξ < 0 as
m2radion ∼
∣∣∣∣∂2f(r)∂r2
∣∣∣∣
−1
∂2Veff
∂r2
∣∣∣∣
α=1
∼ λ
2ξ2e2kl
k2l2M2P l
, (37)
where the canonical normalization of the radion kinetic term has been adopted. The
radion mass strongly depends on the parameter of FI-term ξ which cannot be deter-
mined in the present model.
5 Modified scales in Randall-Sundrum model
According to the conventional RS setup, k ≈ MP l and q =O(TeV) (hence the
names Planck brane and TeV brane) so that l−1 is slightly smaller than MP l, i.e.,
kl ≈ 35. It should be noted, however, that the values of these parameters are not
necessarily immovable. All they have to be subject to are constraints (3), (9) and
k−1 . O(0.1mm). The constraint (3) tells us that q =O(TeV) can be realized for
kl ≈ 21(≈ 27) when l−1 ≈ 1011 GeV (≈ 2× 1013 GeV). Therefore, even if l−1 is fixed
at the intermediate scale, we can obtain the ”TeV brane” by setting k at a scale an
order or so greater than l−1.
Thus, the radius stabilization suggested in [16] for the flat extra dimension can
also be realized for the 5D super-YM model of the gauge group U(1) with warped
extra dimension at the price of shifting the ”Planck brane” to, say, an ”intermediate
brane”. It is one of interesting problems to be addressed if the matter supermultiplets
on this brane could be one of ordinary SM particles.
The numerical value of the radion mass (37) is shown in Table 1, where we have
taken λ = 0.1 as a tentative value and |ξ| = 104 TeV2 as a value of reference. This
result suggests that |ξ| ≫ 104 TeV2 or |ξ| ≪ 104 TeV2 might be required in order to
avoid the cosmologically dangerous region.
6 Conclusion
We have estimated the dominant 1-loop contribution to the 4D effective po-
tential for a 5D super-YM model in the warped background of AdS5. If the matter
supermultiplets are confined on the ”Planck brane”, it has been proved to be propor-
tional to the 4D momentum cutoff times the size of extra dimension, i.e., V1−loop ∝ lΛ,
as in case of flat background. Choosing U(1) as the gauge group, we have mini-
mized the effective potential and found the case that the radius stabilization with
l−1 ≈ 1011−13GeV can be realized, although the concept of Planck brane should be
modified to an intermediate brane.
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Although the radion does not directly couple with the fields on the intermediate
brane, our effective potential can be regarded as a radion potential because the 1-loop
contribution V1−loop is obtained by reducing the 5D tadpole amplitudes to 4D and is
proportional to l = π〈r〉.
Our model implements a new mechanism for the radius stabilization of the ex-
tra dimension in the following sense: (1) We have a gauge supermultiplet in the bulk
and chiral supermultiplets on the brane but need not introduce any hypermultiplet in
the bulk. (2) Interactions among the chiral fields on the brane through the superpo-
tential plays an essential role in producing the nontrivial l-dependence of the effective
potential due to the bulk quantum effects.
It is a subject of future study to extend our model to the full 5D SUGRA taking
the backreaction into account.
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